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ELECTRO-OPTIC APPARATUS AND ELECTRONIC UNIT 
Background of the Invention 
[0001] Technical Field 

[0002] The present invention relates to electro-optic apparatuses in 
which an electro-optic material is held between a pair of substrates, and electronic 
units using the electro-optic apparatuses. 

[0003] Related Art 

[0004] Among various electro-optic apparatuses, electro-optic 
apparatuses using liquid crystal as an electro-optic material include a first 
substrate, a second substrate attached to the first substrate with a predetermined 
gap disposed therebetween by a sealing member, and an electro-optic-material 
layer held in an area partitioned by the sealing member within the gap, and first 
transparent driving electrodes and second transparent driving electrodes formed 
on the first substrate and the second substrate, respectively, apply an electric field 
to the electro-optic-material layer. 

[0005] In such an electro-optic apparatus, when a back-light apparatus 
is disposed at the rear surface side of the first substrate, optical modulation is 
applied to light emitted from the back-light apparatus while the light passes 
through the electro-optic-material layer, to display a predetermined image in 
transmission mode. When an optical reflection film is formed at a lower layer side 
of the first driving electrodes at the first substrate, since optical modulation can be 
applied during the period in which external light incident from the second 
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substrate side is reflected by the optical reflection film and output from the second 
substrate, an image can be displayed in reflection mode. 

[0006] In transflective electro-optic apparatuses, light transmission 
holes are formed in an optical reflection film formed at a lower-layer side of first 
driving electrodes, and a back-light apparatus is disposed at the rear-surface side 
of a first substrate. Transmission-mode display is performed at an area where the 
light transmission holes are formed, and reflection-mode display is performed at 
an area where the light transmission holes are not formed. 

[0007] In addition, when a color filter is formed in a second substrate at 
a zone which covers an area where the first driving electrodes face second driving 
electrodes, a color image can be displayed. 

[0008] To perform such display operations, predetermined signals need 
to be sent to the first driving electrodes and the second driving electrodes. To this 
end, a driving IC needs to be mounted on each of the first substrate and the 
second substrate, or a flexible substrate on which a driving IC is mounted needs 
to be mounted on each of the first substrate and the second substrate. With this 
structure, since two driving ICs are required, and in addition, a mounting region 
extending over the other substrate needs to be obtained for each of the first 
substrate and the second substrate, a wide region is required at an outer side of 
an image area of the electro-optic apparatus. 

[0009] Therefore, a structure has been employed in which mounting 
terminals formed at an extending region over the second substrate, first inter- 
substrate electrical-connection terminals formed at an area where the first 
substrate and the second substrate overlap, first wiring patterns for connecting 
mounting terminals to the first driving electrodes, and second wiring patterns for 
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connecting mounting terminals to the first inter-substrate electrical-connection 
terminals are provided for the first substrate, and second inter-substrate electrical- 
connection terminals facing the first inter-substrate electrical-connection terminals 
are provided for the second substrate. 

[0010] In the first substrate, conventionally, transparent electrically 
conductive films, such as an ITO film which forms the first driving electrodes, are 
used for the mounting terminals, the first inter-substrate electrical-connection 
terminals, the first wiring patterns for connecting mounting terminals to the first 
driving electrodes, and the second wiring patterns for connecting mounting 
terminals to the first inter-substrate electrical-connection terminals. 

[0011] In the first substrate, however, when the second wiring patterns, 
which are long and extend from mounting terminals to the first inter-substrate 
electrical-connection terminals, are made from only the ITO film which forms a 
transparent electrically-conductive film constituting the first driving electrodes, the 
electrical resistance thereof becomes very large. 

[0012] When a color filter layer is formed at the second substrate in 
transflective electro-optic apparatuses, since the color filter layer is formed at a 
flat area, the thickness of the color filter layer is the same between the 
transmission display area where light transmission holes are formed and the 
reflection display area where the light transmission holes are not formed. 
Therefore, a problem occurs in display color images, in which reflection-mode 
colors are deep whereas transmission-mode colors are light. This is because 
transmission display light passes through the color filter layer only once whereas 
reflection display light passes the color filter layer twice, once at input and once at 
output. 
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[0013] The present invention has been made in consideration of the 
above situations. An object of the present invention is to provide an electro-optic 
apparatus using inter-substrate electrical connections, and an electronic unit using 
the electro-optic apparatus both of which have reduced wiring resistance and 
have a structure that can solve the problem in which reflection-mode colors are 
deep whereas transmission-mode colors are light in images displayed in both 
transmission mode and reflection mode. 

Summary 

[0014] To solve the above-described problem, according to the present 
invention, an electro-optic apparatus includes a first substrate, a second substrate 
attached to the first substrate with a predetermined gap disposed therebetween 
by a sealing member, and an electro-optic-material layer held in an area 
partitioned by the sealing member within the gap, wherein first transparent driving 
electrodes and second transparent driving electrodes formed on the first substrate 
and the second substrate, respectively, apply an electric field to the electro-optic- 
material layer. The first substrate includes mounting terminals formed at an 
extending area over the second substrate, first inter-substrate electric-connection 
terminals formed at an area where the first substrate and the second substrate 
overlap, first wiring patterns connecting mounting terminals to first driving 
electrodes, and second wiring patterns connecting mounting terminals to first 
inter-substrate electric-connection terminals. The second substrate includes 
second inter-substrate electric-connection terminals opposed to the first inter- 
substrate electric-connection terminals. An optical reflection film in which light 
transmission holes are formed at part of an area overlapping with an area where 
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the first driving electrodes and the second driving electrodes are opposed is 
formed at a lower-layer side of the first driving electrodes in the first substrate, a 
color filter layer is formed between the optical reflection film and the first driving 
electrodes, and the second wiring patterns have metal wiring at least partially 
formed of the same metal film as in the optical reflection film. 

[0015] In the present invention, since the second wiring patterns, which 
connect the mounting terminals to the first inter-substrate electric-connection 
terminals over a long distance, are formed of the metal film constituting the optical 
reflection film, the wiring resistance is small. In addition, the color filter layer is 
formed between the optical reflection film and the first driving electrodes, and the 
optical reflection film has the light transmission holes at the lower-layer side of the 
color filter layer. Therefore, the color filter layer formed at the optical transmission 
holes, used for transmission-mode display, is thicker than the color filter layer 
formed at the other area, used for reflection-mode display. Therefore, even when 
transmission display light passes through the color filter layer only once, and 
reflection display light passes through the color filter layer twice, once at input and 
once at output, a problem in which reflection-mode display is deeper in color than 
transmission-mode display when both modes are used does not occur. Thus, 
high-quality display is implemented. 

[0016] In the present invention, the mounting terminals and the first 
inter-substrate electric-connection terminals are formed, for example, of a 
transparent electrically-conductive film constituting the first driving electrodes. 

[0017] In the present invention, it is preferred that, between the color 
filter layer and the first driving electrodes, a transparent organic insulating film be 
formed at an area except at least at areas where the first inter-substrate electric- 
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connection terminals and the mounting terminals are formed, and an inorganic 
insulating film be formed over almost the whole of the first substrate between the 
organic insulating film and the first driving electrodes. When the color filter layer 
is formed, unevenness occurs at the surface. As a result, the thickness of the 
electro-optic-material layer fluctuates, and alignment control thereof tends to be 
disturbed. When the organic insulating film is formed at the upper layer of the 
color filter layer as a flattening film, such problems are avoided. To form the first 
driving electrodes, after a transparent electrically-conductive film is formed over 
the entire substrate, patterning is performed with the use of photolithography 
technology. Since etching speed differs between the transparent electrically- 
conductive film formed on the organic insulating film and the transparent 
electrically-conductive film formed at the area where the organic insulating film is 
not formed, etching precision is reduced. In the present embodiment, however, 
since the inorganic insulating film is formed over the entire substrate at an upper 
layer of the organic insulating film, the etching speed for the transparent 
electrically-conductive film is the same over the entire substrate. Therefore, even 
when the organic insulating film is formed, the first driving electrodes can be 
etched at a high precision. 

[0018] In the present invention, the metal wiring for the first wiring 
patterns and the second wiring patterns is disconnected at an area exposed from 
an edge of the second substrate. When this structure is made, problems, such as 
corrosion of metal wiring, do not occur at the area exposed from the edge of the 
second substrate, when patterning is applied to the first driving electrodes by 
etching at the upper-layer side of the metal wiring, or after the electro-optic 
apparatus has been manufactured. 
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[0019] In the present invention, it is preferred that, when the metal 
wiring for the first wiring patterns and the second wiring patterns is formed also at 
an area exposed from the edge of the second substrate, the organic insulating 
film be formed at an upper-layer side of the metal wiring at the exposed area. 
When this structure is made, since the metal wiring is protected by the organic 
insulating film at the area exposed from the edge of the second substrate, a 
problem such as corrosion does not occur when patterning is applied to the first 
driving electrodes by etching at the upper-layer side of the metal wiring, or after 
the electro-optic apparatus has been manufactured. 

[0020] In the present invention, the first wiring patterns extend, in an 
area where the mounting terminals are formed, from mounting terminals arranged 
at a center area thereof toward an opposed substrate side to connect to the first 
driving electrodes, the second wiring patterns extend, in the area where the 
mounting terminals are formed, from mounting terminals arranged at both-side 
areas thereof, outside the area where the first wiring patterns are formed, to 
connect to the first inter-substrate electric-connection terminals arranged along 
substrate sides at both-side areas of an image display area, and the second 
driving electrodes extend in a direction intersecting with the first driving electrodes 
in the image display area to connect to the second inter-substrate electric- 
connection terminals. 

[0021] In the present invention, it is preferred that a base electrically- 
conductive film be formed at a lower-layer side of an area where at least the metal 
film constituting the optical reflection film is formed. When this structure is made, 
since the metal film is formed above the substrate through the base electrically- 
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conductive film, even if the close contact between the metal film and the substrate 
is low, defects, such as a reduced patterning precision or peeling off, do not occur. 

[0022] In the present invention, it is preferred that an electrically- 
conductive protection film be formed at an upper layer of an area where the metal 
film constituting the optical reflection film is formed. When this structure is made, 
burning used when the color filter layer is formed does not cause deterioration of 
the surface of the optical reflection film. 

[0023] In the present invention, it is preferred that holes be formed in 
the base electrically-conductive film at areas overlapping with the light 
transmission holes. When this structure is made, the color filter layer formed at 
the light transmission holes, used for transmission-mode display, is thicker than 
the color filter layer formed at the other area, used for reflection-mode display. 
Therefore, even when transmission display light passes through the color filter 
layer only once, and reflection display light passes through the color filter layer 
twice, once at input and once at output, a problem in which reflection-mode 
display is deeper in color than transmission-mode display when both modes are 
used does not occur. Thus, high-quality display is implemented. 

[0024] In the present invention, it is preferred that the base electrically- 
conductive film be formed at a lower-layer side of the mounting terminals and at a 
lower-layer side of the first inter-substrate electric-connection terminals. 

[0025] In the present invention, the optical reflection film for which the 
base electrically-conductive film is formed is made, for example, from a silver alloy 
film. Alternatively, the optical reflection film used is an aluminum alloy film or an 
aluminum film. 
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[0026] The optical reflection film may have a two-laminated-layer 
structure in which an aluminum alloy film or an aluminum film serves as the upper 
layer, and a molybdenum film or a molybdenum alloy film serves as the lower 
layer serving as an intermediate layer between the upper layer and the base 
electrically-conductive film. 

[0027] In the present invention, it is preferred that the metal film 
constituting the optical reflection film be formed at a lower-layer side of the 
mounting terminals and the first inter-substrate electric-connection terminals. 

[0028] In the present invention, when the base electrically-conductive 
film, or the metal film constituting the optical reflection film is also formed at the 
mounting terminals and the first inter-substrate electric-connection terminals, it is 
preferred that the mounting terminals and bumps for a driving IC be electrically 
connected through electrically-conductive particles scattered in a resin component, 
and the electrically-conductive particles pass through the inorganic insulating film 
formed at a lower-layer side of the mounting terminals. When this structure is 
made, if bumps for the driving IC are mounted to the mounting terminals, since 
the electrically-conductive particles pass through the inorganic insulating film in 
the mounting terminals, the bumps for the driving IC are electrically connected to 
the metal film and the base electrically-conductive film formed at the mounting 
terminals. 

[0029] In the same way, when the base electrically-conductive film, or 
the metal film constituting the optical reflection film is also formed at the mounting 
terminals and the first inter-substrate electric-connection terminals, it is preferred 
that the first inter-substrate electric-connection terminals and the second inter- 
substrate electric-connection terminals be electrically connected through 
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electrically-conductive particles scattered in a resin component, and the 
electrically-conductive particles pass through the inorganic insulating film formed 
inside the first inter-substrate electric-connection terminals. 

[0030] When this structure is made, if the first inter-substrate electric- 
connection terminals and the second inter-substrate electric-connection terminals 
are connected, since the electrically-conductive particles pass through the 
insulating film inside the first inter-substrate electric-connection terminals, the first 
inter-substrate electric-connection terminals are electrically connected to the 
metal film and the base electrically-conductive film formed at a lower-layer side 
thereof. 

[0031] An electro-optic apparatus according to the present invention is 
used, for example, as a display section of an electronic unit. 

Brief Description of the Drawings 

[0032] Fig. 1 is a perspective view of an electro-optic apparatus 
according to a first embodiment of the present invention. 

[0033] Fig. 2 is an exploded perspective view of the electro-optic 
apparatus shown in Fig. 1. 

[0034] Fig. 3 is a plan showing the structure of a first substrate used in 
the electro-optic apparatus shown in Fig. 1, in a sketch manner. 

[0035] Fig. 4(A) and Fig. 4(B) are a cross-sectional view of the electro- 
optic apparatus taken on line A-A' shown in Fig. 3, and a cross-sectional view of 
the electro-optic apparatus taken on lines B1-B1' and B2-B2' shown in Fig. 3, 
respectively. 
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[0036] Fig. 5 is a view showing elements formed at the first substrate 
and a second substrate used in the electro-optic apparatus shown in Fig. 1. 

[0037] Fig. 6(A) to Fig. 6(F) are process sectional views showing a 
manufacturing method of the first substrate used in the electro-optic apparatus 
shown in Fig. 1 , correspondingly to Fig. 4(A). 

[0038] Fig. 7(A) to Fig. 7(F) are process sectional views showing a 
manufacturing method of the first substrate used in the electro-optic apparatus 
shown in Fig. 1, correspondingly to Fig. 4(B). 

[0039] Fig. 8(A) and Fig. 8(B) are a cross-sectional view of an electro- 
optic apparatus according to a second embodiment of the present invention, taken 
on a line corresponding to the line A-A' shown in Fig. 3, and a cross-sectional view 
of the electro-optic apparatus taken on lines corresponding to the lines B1-B1' and 
62-62' shown in Fig. 3, respectively. 

[0040] Fig. 9 is a view showing elements formed in a first substrate and 
a second substrate used in the electro-optic apparatus shown in Fig. 8. 

[0041] Fig. 10(A) to Fig. 10(F) are process sectional views showing a 
manufacturing method of the first substrate used in the electro-optic apparatus 
shown in Fig. 8, correspondingly to Fig. 8(A). 

[0042] Fig. 11(A) to Fig. 11(F) are process sectional views showing a 
manufacturing method of the first substrate used in the electro-optic apparatus 
shown in Fig. 8, correspondingly to Fig. 8(6). 

[0043] Fig. 12(A) and Fig. 12(6) are a cross-sectional view of an 
electro-optic apparatus according to a third embodiment of the present invention, 
taken on a line corresponding to the line A-A' shown in Fig. 3, and a cross- 
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sectional view of the electro-optic apparatus taken on lines corresponding to the 
lines B1-B1' and B2-B2' shown in Fig. 3, respectively. 

[0044] Fig. 13 is a view showing elements formed in a first substrate 
and a second substrate used in the electro-optic apparatus shown in Fig. 12. 

[0045] Fig. 14(A) to Fig. 14(F) are process sectional views showing a 
manufacturing method of the first substrate used in the electro-optic apparatus 
shown in Fig. 12, correspondingly to Fig. 12(A). 

[0046] Fig. 15(A) to Fig. 15(F) are process sectional views showing a 
manufacturing method of the first substrate used in the electro-optic apparatus 
shown in Fig. 12, correspondingly to Fig. 12(B). 

[0047] Fig. 16(A) and Fig. 16(B) are a cross-sectional view of an 
electro-optic apparatus according to a fourth embodiment of the present invention, 
taken on a line corresponding to the line A-A' shown in Fig. 3, and a cross- 
sectional view of the electro-optic apparatus taken on lines corresponding to the 
lines B1-B1' and B2-B2' shown in Fig. 3, respectively. 

[0048] Fig. 17 is a view showing elements formed in a first substrate 
and a second substrate used in the electro-optic apparatus shown in Fig. 16. 

[0049] Fig. 18(A) to Fig. 18(F) are process sectional views showing a 
manufacturing method of the first substrate used in the electro-optic apparatus 
shown in Fig. 16, correspondingly to Fig. 16(A). 

[0050] Fig. 19(A) to Fig. 19(F) are process sectional views showing a 
manufacturing method of the first substrate used in the electro-optic apparatus 
shown in Fig. 16, correspondingly to Fig. 16(B). 

[0051] Fig. 20(A) and Fig. 20(B) are a cross-sectional view of an 
electro-optic apparatus according to a fifth embodiment of the present invention, 
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taken on a line corresponding to the line A-A' shown in Fig. 3, and a cross- 
sectional view of the electro-optic apparatus taken on lines corresponding to the 
lines B1-B1' and B2-B2' shown in Fig. 3, respectively. 

[0052] Fig. 21(A) and Fig. 21(B) are a cross-sectional view of an 
electro-optic apparatus according to a sixth embodiment of the present invention, 
taken on a line corresponding to the line A-A shown in Fig. 3, and a cross- 
sectional view of the electro-optic apparatus taken on lines corresponding to the 
lines B1-B1* and B2-B2' shown in Fig. 3, respectively. 

[0053] Fig. 22(A) and Fig. 22(B) are a cross-sectional view of an 
electro-optic apparatus according to a seventh embodiment of the present 
invention, taken on a line corresponding to the line A-A shown in Fig. 3, and a 
cross-sectional view of the electro-optic apparatus taken on lines corresponding to 
the lines B1-B1' and B2-B2' shown in Fig. 3, respectively. 

[0054] Fig. 23 is a block diagram showing the electrical structure of an 
electronic unit using an electro-optic apparatus according to the present invention. 

Detailed Description 
[0055] Embodiments of the present invention will be described below by 
referring to the attached drawings. 
[0056] First Embodiment 
[0057] Entire structure 

[0058] Fig. 1 and Fig. 2 are a perspective view of an electro-optic 
apparatus according to a first embodiment of the present invention and an 
exploded perspective view thereof, respectively. In these figures and other figures 
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described below, to make layers and members have recognizable sizes, they are 
shown at different scales and the quantities thereof are different. 

[0059] In Fig. 1 and Fig. 2, in the electro-optic apparatus 1 of the 
present embodiment, a liquid-crystal sealing area 35 is partitioned by a sealing 
member 30 between a pair of transparent substrates made from rectangular 
glasses or others and attached by the sealing member 30 with a predetermined 
gap disposed therebetween, and liquid crystal serving as an electro-optic material 
is sealed in the liquid-crystal sealing area 35 to form a liquid-crystal layer 36 
(electro-optic-material layer). Of the pair of transparent substrates, a substrate in 
which a plurality of lines of first driving electrodes 150 extending in a longitudinal 
direction is formed in an image display area 2 is called a first substrate 10, and a 
substrate in which a plurality of lines of second driving electrodes 250 extending in 
a transverse direction is formed in the image display area 2 is called a second 
substrate 20. 

[0060] In the electro-optic apparatus 1 shown here, a polarizing plate 61 
is attached to the outside surface of the first substrate 10, and a polarizing plate 
62 is attached to the outside surface of the second substrate 20. In addition, a 
back-light apparatus 9 is disposed at the outside of the first substrate 10. 

[0061] In the electro-optic apparatus 1 structured in this way, the first 
substrate 10 has the same width as the second substrate 20, but is longer than 
the second substrate 20. 

[0062] Therefore, when the first substrate 10 and the second substrate 
20 are attached, an end of the first substrate 10 extends from a substrate side 201 
of the second substrate 20, and in that extending area 15, mounting terminals 160 
to which a driving IC 50 is to be mounted are formed along a substrate side 101. 
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In the extending area 15, mounting terminals 161 to which a flexible substrate 8 is 
to be mounted are also formed along the substrate side 101. 

[0063] From mounting terminals 160 arranged at a center area among 
the mounting terminals 160 to which the driving IC 50 is to be mounted, first wiring 
patterns 11 extend toward the opposed substrate side 101 to connect to the first 
driving electrodes 150. 

[0064] In the first substrate 10, at both sides of the image display area 2, 
first inter-substrate electrical-connection terminals 170 are arranged along 
substrate sides 103 and 104 at an area where the first substrate 10 and the 
second substrate 20 overlap. From mounting terminals 160 arranged at both-side 
areas among the mounting terminals 160 to which the driving IC 50 is to be 
mounted, second wiring patterns 12 extend outside of an area where the first 
wiring patterns 11 are formed, to connect to the first inter-substrate electrical- 
connection terminals 170. 

[0065] In contrast, in the second substrate 20, the second driving 
electrodes 250 extend in the transverse direction in the image display area 2, and 
the ends of the second driving electrodes 250 serve as second inter-substrate 
electrical-connection terminals 270 which overlap with the first inter-substrate 
electrical-connection terminals 170. 

[0066] Layer structure on substrates 

[0067] The structure of the electro-optic apparatus structured in this way 
will be described in detail by referring to Fig. 3, Fig. 4(A), and Fig. 4(B). 

[0068] Fig. 3 is a plan showing the structure of the first substrate used in 
the electro-optic apparatus shown in Fig. 1, in a sketch manner. Fig. 4(A) and Fig. 
4(B) are a cross-sectional view of the electro-optic apparatus taken on line A-A' 
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shown in Fig. 3, and a cross-sectional view of the electro-optic apparatus taken on 
lines B1-B1' and B2-B2' shown in Fig. 3, respectively. 

[0069] In Fig. 3, Fig. 4(A), and Fig. 4(B), a base electrically conductive 
film 110 made from an ITO film, an optical reflection film 120 made from a silver 
alloy or others, a color filter layer 7R, 7G, and 7B, an organic insulating film 130 
serving as a flattening film, an inorganic insulating film 140 made from a silicon 
oxide film, the first driving electrodes 150 made from an ITO film, and an 
alignment film (not shown) are formed in that order from a lower layer side to an 
upper layer side in the first substrate 10. 

[0070] In contrast, the second driving electrodes 250 and an alignment 
film (not shown) are formed in that order in the second substrate 20. 

[0071] The first substrate 10 and the second substrate 20 are attached 
by the sealing member 30 in which gap members (i.e., gap controlling members) 
are mixed with a resin component. The sealing member 30 is formed so as to 
partition the image display area 2, and the electro-optic-material layer 36 is held at 
the inside thereof. 

[0072] As the sealing member 30, a sealing member 301 with 
electrically-conductive particles, in which gap members and electrically-conductive 
particles are mixed with a resin component, and a sealing member 302 in which 
gap members are mixed with a resin component are used. The sealing member 
301 with electrically-conductive particles is applied to three sides, the two 
substrate sides 103 and 104 where the first inter-substrate electrical-connection 
terminals 170 are formed, and one side at the side of the extending area 15, on 
which the substrate side 201 of the second substrate 20 is placed. 
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[0073] In the first substrate 10 of the electro-optic apparatus structured 
in this way, the base electrically-conductive film 110 is formed at a lower-layer side 
of the optical reflection layer 120 in the image display area 2 as a plane, is also 
formed at a lower-layer side of the mounting terminals 160, and extends from the 
lower-layer side of the mounting terminals 160 to a position above which the 
second substrate 20 is placed, as the lowest-layer wiring 111 of the first wiring 
patterns 11. The base electrically-conductive film 110 also extends from the 
lower-layer side of the mounting terminals 160 to a lower-layer side of the first 
inter-substrate electrical-connection terminals 170, as the lowest-layer wiring 112 
of the second wiring patterns 12. 

[0074] The optical reflection layer 120 formed on the base electrically- 
conductive layer 110 is formed in the image display area 2 as a plane. At pixels 
where the first driving electrodes 150 are opposed to the second driving 
electrodes 250, a part of the optical reflection layer 120 is removed and light 
transmission holes 125 are formed. 

[0075] In the first substrate 10, a metal film formed together with the 
optical reflection film 120 at the same time is formed at a lower-layer side of the 
mounting terminals 160 as base electrodes 123, and is also formed at an area 
above which the substrate side 201 of the second substrate 20 is placed, as base 
electrodes 121. The metal film formed together with the optical reflection film 120 
at the same time extends to a lower-layer side of the first inter-substrate electrical- 
connection terminals 170 in the area where the first substrate 10 and the second 
substrate 20 overlap, as lower-layer wiring 122 of the second wiring patterns 12. 
The metal film formed together with the optical reflection film 120 at the same time 
is not formed at the extending area 15 of the first substrate 10, where the first 
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substrate 10 is exposed from the substrate side 201 of the second substrate 20, 
and therefore, the metal film is disconnected in this area. 

[0076] At the upper-layer side of the optical reflection layer 120, the R 
(red), G (green), and B (blue) color filter layer 7R, 7G, and 7B is formed in the 
image display area 2. The color filter layer 7R, 7G, and 7B is made by scattering 
color members in resin. In each pixel, the color filter layer is made thicker at an 
area where the optical reflection film 120 is removed and the light transmission 
hole 125 is formed, than at an area where the optical reflection film 120 is solidly 
formed. 

[0077] At an upper layer of the color filter layer 7R, 7G, and 7B, the thick 
organic insulating film 130 is formed as a flattening film. The organic insulating 
film 130 is selectively formed in the image display area 2, and not formed at an 
outer peripheral side. More specifically, the organic insulating film 130 is formed 
at areas other than the mounting terminals 160 and the first inter-substrate 
electrical-connection terminals 170, and the area where the sealing member 30 is 
applied. 

[0078] At an upper layer of the organic insulating film 130, the inorganic 
insulating film 140 made from a thin silicon oxide film is formed over the entire 
substrate. 

[0079] At an upper layer of the inorganic insulating film 140, the first 
driving electrodes 150 made from an ITO film is formed in the image display area 
2, and the mounting terminals 160 and the first inter-substrate electrical- 
connection terminals 170 are formed of an ITO film formed together with the first 
driving electrodes 150 at the same time. 
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[0080] The ITO film formed together with the first driving electrodes 150 
at the same time extends from the mounting terminals 160 to the area where the 
first substrate 10 and the second substrate 20 overlap, as upper wiring 151 of the 
first wiring pattern 11, and therefrom, serves as the first driving electrodes 150. 
The ITO film formed together with the first driving electrodes 150 at the same time 
is formed at an area where the second substrate 20 is exposed, as upper-layer 
wiring 152 of the second wiring pattern 12, but is not formed at the area where the 
first substrate 10 and the second substrate 20 overlap, and is disconnected. 

[0081] Manufacturing method 

[0082] The structure of each substrate used in the electro-optic 
apparatus according to the present embodiment will be described further in detail 
by referring to Fig. 5, Fig. 6, and Fig. 7 while its manufacturing method will be also 
described. 

[0083] Fig. 5(A) to Fig. 5(F) are views showing elements formed in the 
first substrate and the second substrate used in the electro-optic apparatus shown 
in Fig. 1. Fig. 6(A) to Fig. 6(F) and Fig. 7(A) to Fig. 7(F) are process sectional 
views showing a manufacturing method of the first substrate and the second 
substrate used in the electro-optic apparatus shown in Fig. 1. In the image 
display area shown in Fig. 5(B), Fig. 5(C), or Fig. 5(D), a plurality of pixels are 
enlarged in a rectangle and illustrated in a sketch manner. 

[0084] As shown in Fig. 5(A), to manufacture the second substrate 20, 
an ITO film is formed over the entire substrate, and then, patterning is performed 
with the use of photolithography technology to form the second driving electrodes 
250 (at hatched areas) extending in the transverse direction in the image display 
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area 2. The second inter-substrate electrical-connection terminals 270 are formed 
by ends of second driving electrodes 250. 

[0085] In contrast, to manufacture the first substrate 10, as shown in Fig. 
5(B), Fig. 6(A), and Fig. 7(A), an ITO film is formed on the entire substrate, and 
then patterning is performed with the use of photolithography technology to form 
the base electrically-conductive film 110 (at a hatched area in Fig. 5(B)) in the 
image display area 2 as a rectangular plane area. The base electrically- 
conductive film 110 is also formed at the area where the mounting terminals 160 
are to be formed, and is left from the lower-layer side of the mounting terminals 
160 to the area where the first substrate 10 and the second substrate 20 overlap, 
as the lowest-layer wiring 111 of the first wiring patterns 11. The base electrically- 
conductive film 110 is also left from the lower-layer side of the mounting terminals 
160 to the lower-layer side of the first inter-substrate electrical-connection terminal 
170, as the lowest-layer wiring 121 of the second wiring patterns 12. 

[0086] Then, as shown in Fig. 5(C), Fig. 6(B), and Fig. 7(B), after the 
metal film made from a silver alloy film or others is formed at an upper layer of the 
base electrically-conductive film 110, patterning is performed with the use of 
photolithography technology to form the optical reflection film 120 (at a hatched 
area in Fig. 5(C)) in the image display area 2 in a plane manner. The optical 
reflection film 120 is removed at a part of the area where the first driving 
electrodes 150 are opposed to the second driving electrodes 250, to form the light 
transmission holes 125. 

[0087] The metal film formed together with the optical reflection film 120 
at the same time is left at the lower-layer side of the area where the mounting 
terminals 160 are to be formed, as the base electrodes 123, and also left at the 
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area where the substrate side 201 of the second substrate 20 is placed, as the 
base electrodes 121. The metal film formed together with the optical reflection 
film 120 at the same time is also left at the area where the first substrate 10 and 
the second substrate 20 overlap, as the lower-layer wiring 122 of the second 
wiring patterns 12, to the lower-layer side of the first inter-substrate electrical- 
connection terminals 170. The metal film formed together with the optical 
reflection film 120 at the same time is removed at the extending area 15 of the 
first substrate 10, where the first substrate 10 is exposed from the substrate side 
201 of the second substrate 20. 

[0088] At a lower-layer side of the metal film constituting the optical 
reflection film 120, the base electrically-conductive film 110 is formed. Therefore, 
since the metal film constituting the optical reflection film 120 is made from a silver 
alloy film, even if the close contact between the metal film and the substrate is low, 
defects, such as a reduced patterning precision or peeling off of the optical 
reflection film 120, do not occur. 

[0089] Then, as shown in Fig. 5(D), Fig. 6(C), and Fig. 7(C), at the 
upper-layer side of the optical reflection film 120, the R (red), G (green), and B 
(blue) color filter layer 7R, 7G, and 7B are formed at a predetermined position (the 
hatched area) in the image display area 2. The color filter layer 7R, 7G, and 7B is 
made by scattering color members in resin. In each pixel, the color filter layer is 
made thicker at an area where the optical reflection film 120 is removed and the 
light transmission hole 125 is formed, than at an area where the optical reflection 
film 120 is formed. 

[0090] Then, as shown in Fig. 5(E), Fig. 6(D), and Fig. 7(D), after the 
thick organic insulating film 130 is formed at the upper layer of the color filter layer 
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7R, 7G, and 7B, patterning is performed with the use of photolithography 
technology to selectively leave the organic insulating film 130 (at the hatched 
area) in the image display area, and not to leave it at the outer peripheral side 
thereof. As a result, the organic insulating film 130 is formed at areas other than 
the mounting terminals 160 and the first inter-substrate electrical-connection 
terminals 170, and the areas where the sealing member 30 is applied. 

[0091] Then, as shown in Fig. 6(E) and Fig. 7(E), at the upper layer of 
the organic insulating film 130, the inorganic insulating film 140 made from thin 
silicon oxide film is formed over the entire substrate. 

[0092] Next, as shown in Fig. 5(F), Fig. 6(F), and Fig. 7(F), after an ITO 
film is formed over the entire substrate at an upper layer of the inorganic 
insulating film 140, patterning is performed with the use of photolithography 
technology to form the first driving electrodes 150 (at the hatched area) in the 
image display area 2. The ITO film formed together with the first driving 
electrodes 150 at the same time is left as the mounting terminals 160 and the first 
inter-substrate electrical-connection terminals 170. 

[0093] The ITO film formed together with the first driving electrodes 150 
at the same time is also left from the mounting terminals 160 to the area where 
the first substrate 10 and the second substrate 20 overlap, as the upper-layer 
wiring 151 of the first wiring patterns 11, and therefrom, is connected to the first 
driving electrodes 150. The ITO film formed together with the first driving 
electrodes 150 at the same time is further formed as the upper-layer wiring 152 of 
the second wiring patterns 12 at the area exposed from the substrate side 201 of 
the second substrate 20, but removed from the area where the first substrate 10 
and the second substrate 20 overlap. 
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[0094] When such etching is performed, since the silver alloy film 
constituting the optical reflection film 120 is not exposed, etchant for the ITO film 
does not etch the silver alloy film constituting the optical reflection film 120. 

[0095] IC mounting structure and inter-substrate electrical-connection 
structure 

[0096] The driving IC 50 is mounted to the mounting terminals 160 
connected to the upper-layer wiring 151 and 152 of the first wiring patterns 11 and 
the second wiring patterns 12 by an anisotropic electrically-conductive film 40 in 
which electrically-conductive particles 41 are mixed with a resin component. At 
the lower-layer side of the mounting terminals 160, the thin inorganic insulating 
film 140 formed of a silicon oxide film is formed. At the lower-layer side thereof, 
the base electrodes 123 formed of the metal film formed together with the optical 
reflection film 120 at the same time, and the base electrically-conductive film 110 
are formed. Therefore, when the driving IC 50 is connected to the first substrate 
10 by thermocompression bonding through the anisotropic electrically-conductive 
film 40, since a film exists at the lower-layer side, the electrically-conductive 
particles 41 pass through the inorganic insulating film 140 due to the pressure of 
the compression bonding, so that the mounting terminals 160 are electrically 
connected to the base electrodes 123 formed of the metal film formed together 
with the optical reflection film 120 at the same time, and are also electrically 
connected to the lowest-layer wiring 111 and 112 of the first wiring patterns 11 and 
the second wiring patterns 12 through the base electrodes 123. 

[0097] The first substrate 10 and the second substrate 20 are attached 
by the sealing member 30. The sealing member 301 with the electrically- 
conductive particles 303 is applied to the area where the first inter-substrate 
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electrical-connection terminals 170 are formed along the two substrate sides 103 
and 104 and to the area where the substrate side 201 of the second substrate 20 
is placed near the extending area 15. 

[0098] Therefore, the first substrate 10 and the second substrate 20 are 
connected by thermocompression bonding through the sealing member 30 which 
includes the electrically-conductive particles 303 at the area where the substrate 
side 201 of the second substrate 20 is placed near the extending area 15. The 
inorganic insulating film 140 is formed at the lower-layer side of the upper-layer 
wiring 151 of the first wiring patterns 11. At the lower-layer side of the inorganic 
insulating film 140, the base electrodes 121 formed of the metal film formed 
together with the optical reflection film 120 at the same time are formed. At the 
lower-layer side of the base electrodes 121, the lowest-layer wiring 111 of the first 
wiring patterns 11, formed of the base electrically-conductive film 110 is formed. 
Therefore, when the first substrate 10 and the second substrate 20 are connected 
by thermocompression bonding through the sealing member 301, since a film 
exists at the lower-layer side, the electrically-conductive particles 303 pass 
through the inorganic insulating film 140 due to the pressure of the compression 
bonding, so that the upper-layer wiring 151 of the first wiring patterns 11 is 
electrically connected to the base electrodes 121. As a result, the upper-layer 
wiring 151 of the first wiring patterns 11 is electrically connected to the lowest- 
layer wiring 111 of the first wiring patterns 11 through the base electrodes 121 . 

[0099] Therefore, even when the metal wiring formed together with the 
optical reflection film 120 at the same time is disconnected at the area exposed 
from the substrate side of the second substrate 20, the wiring resistance of the 
first wiring patterns 11 is small at this area. 
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[0100] In the same way, before the first substrate 10 and the second 
substrate 20 are connected by thermocompression bonding through the sealing 
member 301 which includes the electrically-conductive particles 303 at the area 
where the substrate side 201 of the second substrate 20 is placed near the 
extending area 15, the inorganic insulating film 140 is formed at the lower-layer 
side of the upper-layer wiring 152 of the second wiring patterns 12. At the lower- 
layer side of the inorganic insulating film 140, the lower-layer wiring 122 of the 
second wiring patterns 12, made from the metal film formed together with the 
optical reflection film 120 at the same time is formed. At the lower-layer side of 
the lower-layer wiring 122, the lowest-layer wiring 112 of the second wiring 
patterns 12, formed of the base electrically-conductive film 110 is formed. 
Therefore, when the first substrate 10 and the second substrate 20 are connected 
by thermocompression bonding through the sealing member 301 , the electrically- 
conductive particles 303 pass through the inorganic insulating film 140 due to the 
pressure of the compression bonding, so that the upper-layer wiring 152 of the 
second wiring patterns 12 is electrically connected to the lower-layer wiring 122 of 
the second wiring patterns 12, and is further electrically connected to the lowest- 
layer wiring 112 of the second wiring patterns 12 through the lower-layer wiring 
122. 

[0101] Therefore, even when the metal wiring formed together with the 
optical reflection film 120 at the same time is disconnected at the area exposed 
from the substrate side of the second substrate 20, the wiring resistance of the 
second wiring patterns 12 is small at this area. 

[0102] Further, before the first substrate 10 and the second substrate 20 
are connected by thermocompression bonding through the sealing member 30 
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which includes the electrically-conductive particles 303 at the area where the first 
inter-substrate electric-connection terminals 170 are formed, the inorganic 
insulating film 140 is formed at a lower-layer side of the first inter-substrate 
electric-connection terminals 170. At the lower-layer side of the inorganic 
insulating film 140, the lower-layer wiring 122 of the second wiring patterns 12 
formed together with the optical reflection film 120 is formed at the same time. At 
the lower-layer side of the lower-layer wiring 122, the lowest-layer wiring 112 of 
the second wiring patterns 12, formed of the base electrically-conductive film 110 
is formed. Therefore, when the first substrate 10 and the second substrate 20 are 
connected by thermocompression bonding through the sealing member 301, the 
electrically-conductive particles 303 pass through the inorganic insulating film 140 
due to the pressure of the compression bonding, so that the first-substrate 
electric-connection terminals 170 are electrically connected to the lower-layer 
wiring 122 of the second wiring patterns 12, and are further electrically connected 
to the lowest-layer wiring 112 of the second wiring patterns 12 through the lower- 
layer wiring 122. 

[0103] In the electro-optic apparatus 1 structured in this way, when the 
driving IC 50 outputs signals to the mounting terminals 160, the signals are sent 
from the mounting terminals 160 formed at the center area, to the first driving 
electrodes 150 through the first wiring patterns 11 provided with the upper-layer 
wiring 151 formed of the ITO film formed together with the first driving electrodes 
150 at the same time, and the lowest-layer wiring 111 formed of the ITO film. 

[0104] In contrast, when the driving IC 50 outputs signals to the 
mounting terminals 160 formed at both-side areas, the signals are sent from the 
mounting terminals 160 formed at both-side areas, through the upper-layer wiring 
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152 formed of the ITO film formed together with the first driving electrodes 150 at 
the same time, and the lowest-layer wiring 112 formed of the ITO film at the area 
where the second wiring patterns 12 are exposed from the substrate side 201 of 
the second substrate 20, and then, through the lower-layer wiring 122 of the 
second wiring patterns 12 formed together with the optical reflection film 120 at 
the same time, and the lowest-layer wiring 112 formed of the ITO film at the area 
where the first substrate 10 and the second wiring patterns 12 overlap, to the first 
inter-substrate electric-connection terminals 170. The signals sent to the first 
inter-substrate electric-connection terminals 170 are sent to the second driving 
electrodes 250 through the first inter-substrate electric-connection terminals 170, 
the electrically-conductive particles 303 included in the sealing member 301, and 
the second inter-substrate electric-connection terminals 270. 

[0105] As a result, the alignment state of the liquid-crystal layer 36 
positioned at the area where the first driving electrodes 150 are opposed to the 
second driving electrodes 250 is controlled in units of pixels. Therefore, optical 
modulation is applied to external light incident from the second substrate 20 side 
and which is reflected by the optical reflection film 120 and output from the second 
substrate 20 to display an image (in reflection mode). Since the optical reflection 
film 120 formed at the lower-layer side of the first driving electrodes 150 has the 
light transmission holes 125, optical modulation is applied to light emitted from the 
back-light apparatus 9 disposed at the rear-surface side of the first substrate 10, 
while it passes through the light transmission holes 125, is incident on the liquid- 
crystal layer 36, then is output from the second substrate 20 to display an image 
(in transmission mode). 
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[0106] Since the first substrate 10 is provided with the color filter layer 
7R, 7G, and 7B at the area where the first driving electrodes 150 are opposed to 
the second driving electrodes 250, color images can be displayed. 

[0107] Main advantages obtained by the present embodiment 

[0108] As described above, since the second wiring patterns 12, which 
connect the mounting terminals 160 to the first inter-substrate electric-connection 
terminals 170 are formed of metal wire (lower-layer wiring 122) made from the 
metal film constituting the optical reflection film 120, the wiring resistance is small. 

[0109] In the first substrate 10, the color filter layer 7R, 7G, and 7B is 
formed between the optical reflection film 120 and the first driving electrodes 150, 
and the optical reflection film 120 has the light transmission holes 125 at the 
lower-layer side of the color filter layer 7R, 7G, and 7B. Therefore, the color filter 
layer 7R, 7G, and 7B formed at the optical transmission holes 125, used for 
transmission-mode display, is thicker than the color filter layer 7R, 7G, and 7B 
formed at the other area, used for reflection-mode display. 

[0110] Therefore, even when transmission display light passes through 
the color filter layer 7R, 7G, and 7B only once, and reflection display light passes 
through the color filter layer 7R, 7G, and 7B twice, once at input and once at 
output, a problem in which reflection-mode display is deeper in color than 
transmission-mode display when both modes are used does not occur. Thus, 
high-quality display is implemented. 

[0111] Further, the organic insulating film 130 is formed between the 
color filter layer 7R, 7G, and 7B and the first driving electrodes 150. When the 
color filter layer 7R, 7G, and 7B is formed, unevenness occurs at the surface. As 
a result, the thickness of the liquid-crystal layer 36 fluctuates, and alignment 
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control is disturbed. In the present embodiment, however, since the organic 
insulating film 130 is formed at the upper layer of the color filter layer 7R, 7G, and 
7B as a flattening film, such problems are avoided. 

[0112] To form the first driving electrodes 150, after an ITO film is 
formed over the entire substrate, patterning is performed with the use of 
photolithography technology. Since the close contact property between an ITO 
film and its base differs between an ITO film formed on the organic insulating film 
130 and an ITO film formed at an area where the organic insulating film 130 is not 
formed, etching speed differs and etching precision is reduced. In the present 
embodiment, however, since the inorganic insulating film 140 is formed over the 
entire substrate at an upper layer of the organic insulating film 130, the close 
contact property between the ITO film and base is uniform over the entire 
substrate. Therefore, ITO-film etching speed is the same over the entire substrate. 
Accordingly, even when the organic insulating film 130 is formed at a lower-layer 
side, the first driving electrodes 150 can be etched with high precision. 

[0113] Further, the base electrically-conductive film 110 or the metal film 
constituting the optical reflection film 120 is formed at a lower-layer side of the 
mounting terminals 160 and the first inter-substrate electric-connection terminals 
170. 

[0114] Therefore, when the bumps 51 for the driving IC 50 are mounted 
to the mounting terminals 160, since the electrically-conductive particles 41 pass 
through the inorganic insulating film 140 at the lower-layer side of the mounting 
terminals 160, the mounting terminals 160 are electrically connected to the metal 
film and the base electrically-conductive film 110 formed at the lower-layer side of 
the mounting terminals 160. When the first inter-substrate electric-connection 
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terminals 170 are connected to the second inter-substrate electric-connection 
terminals 270, since the electrically-conductive particles 303 pass through the 
inorganic insulating film 140 at the lower-layer side of the first inter-substrate 
electric-connection terminals 170, the first inter-substrate electric-connection 
terminals 170 are connected to the metal film and the base electrically-conductive 
film 110 formed at the lower-layer side of the first inter-substrate electric- 
connection terminals 170. 

[0115] Metal wiring, including the first wiring patterns 11 and the second 
wiring patterns 12, is disconnected at the area where the first substrate 10 is 
exposed from the edge of the second substrate 20. Therefore, problems, such as 
corrosion of metal wiring, do not occur at the area where the first substrate 10 is 
exposed from the substrate side 201 of the second substrate 20, after the optical 
reflection film 120 is formed, when patterning is applied to the first driving 
electrodes 150 by such as etching at the upper-layer side of the optical reflection 
film 120, or after the electro-optic apparatus 1 has been manufactured. 

[0116] Second embodiment 

[0117] Fig. 8(A) and Fig. 8(B) are a cross-sectional view of an electro- 
optic apparatus taken on a line corresponding to the line A-A' shown in Fig. 3, and 
a cross-sectional view of the electro-optic apparatus taken on lines corresponding 
to the lines B1-B1' and B2-B2' shown in Fig. 3, respectively. Fig. 9(A) to Fig. 9(F) 
are views showing elements formed in the first substrate and the second 
substrate used in the electro-optic apparatus shown in Fig. 1. Fig. 10(A) to Fig. 
10(F) and Fig. 11(A) to Fig. 11(F) are process sectional views showing a 
manufacturing method of a first substrate and a second substrate used in the 
electro-optic apparatus according to the present embodiment. Since the basic 
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structures of the present embodiment and embodiments described below are the 
same as those of the first embodiment, the same symbols are assigned to the 
common portions, and a detailed description thereof is omitted. 

[0118] In Fig. 8(A) and Fig. 8(B), also in the electro-optic apparatus 
according to the present embodiment, in the same way as in the first embodiment, 
a base electrically conductive film 110 made from an ITO film, an optical reflection 
film 120, a color filter layer 7R, 7G, and 7B, an organic insulating film 130 serving 
as a flattening film, an inorganic insulating film 140 made from a silicon oxide film 
or others, first driving electrodes 150 made from an ITO film, and an alignment 
film (not shown) are formed in that order from a lower layer side to an upper layer 
side in the first substrate 10. 

[0119] Also in the present embodiment, the base electrically-conductive 
film 110 is formed in an image display area 2, and the optical reflection film 120 is 
formed at an upper-layer side of the base electrically-conductive film 110, on the 
first substrate 10. The optical reflection film 120 is partially removed and light 
transmission holes 125 are formed on the pixels where first driving electrodes 150 
are opposed to second driving electrodes 250. 

[0120] Further, in the present embodiment, holes 115 are formed in the 
base electrically-conductive film 110 at the positions immediately below those of 
the light transmission holes 125 in the optical reflection film 120. Therefore, when 
the color filter layer 7R, 7G, and 7B is formed at the upper-layer side of the optical 
reflection film 120, the color filter layer is thicker at the areas where the optical 
reflection film 120 is removed and the light transmission holes 125 are formed, 
than at the area where the optical reflection film 120 is formed, because the holes 
115 are formed in the base electrically-conductive film 110 at the areas where the 
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optical reflection film 120 is removed and the light transmission holes 125 are 
formed. Consequently, the color filter layer 7R, 7G, and 7B formed at the light 
transmission holes, used for transmission-mode display is sufficiently thicker than 
the color filter layer 7R, 7G, and 7B formed at the other area, used for reflection- 
mode display. Therefore, even when transmission display light passes through 
the color filter layer 7R, 7G, and 7B only once, and reflection display light passes 
through the color filter layer 7R, 7G, and 7B twice, once at input and once at 
output, a problem in which reflection-mode display is deeper in color than 
transmission-mode display when both modes are used does not occur. Thus, 
high-quality display is implemented. 

[0121] To manufacture the electro-optic apparatus according to the 
present embodiment, instead of the process described by referring to Fig. 5(B), 
Fig. 6(A), and Fig. 7(A) in the first embodiment, after an ITO film is formed over 
the entire substrate, when patterning is performed with the use of 
photolithography technology to form the base electrically-conductive film 110, the 
holes 115 need to be formed, as shown in Fig. 9(B), Fig. 10(A), and Fig. 11(A). 
Since the other structures are the same as those of the first embodiment, a 
description thereof is omitted. 

[0122] Third embodiment 

[0123] Fig. 12(A) and Fig. 12(B) are a cross-sectional view of an 
electro-optic apparatus taken on a line corresponding to the line A-A' shown in Fig. 
3, and a cross-sectional view of the electro-optic apparatus taken on lines 
corresponding to the lines B1-B1' and B2-B2' shown in Fig. 3, respectively. Fig. 
13(A) to Fig. 13(F) are views showing elements formed in the first substrate and 
the second substrate used in the electro-optic apparatus shown in Fig. 1. Fig. 
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14(A) to Fig. 14(F) and Fig. 15(A) to Fig. 15(F) are process sectional views 
showing a manufacturing method of a first substrate and a second substrate used 
in the electro-optic apparatus according to the present embodiment. 

[0124] In Fig. 12(A) and Fig. 12(B), also in the electro-optic apparatus 
according to the present embodiment, in the same way as in the first embodiment, 
a base electrically conductive film 110 made from an ITO film, an optical reflection 
film 120, a color filter layer 7R, 7G, and 7B, an organic insulating film 130 serving 
as a flattening film, an inorganic insulating film 140 made from a silicon oxide film 
or others, first driving electrodes 150 made from an ITO film, and an alignment 
film (not shown) are formed in that order from a lower layer side to an upper layer 
side in the first substrate 10. 

[0125] In the first embodiment, the metal film formed together with the 
optical reflection film 120 at the same time is left at the lower-layer side of the 
mounting terminals 160, as the base electrodes 123. In the present embodiment, 
a metal film is not left at a lower-layer side of mounting terminals 160. 

[0126] Also in the case in which this structure is made, a driving IC 50 is 
mounted to the mounting terminals 160 connected to upper-layer wiring 151 and 
152 of first wiring patterns 11 and second wiring patterns 12, by an anisotropic 
electrically-conductive film 40 in which electrically-conductive particles are mixed 
with a resin component. At the lower-layer side of the mounting terminals 160, the 
thin inorganic insulating film 140 made from a silicon oxide film is formed. At the 
lower-layer side of the inorganic insulating film 140, the base electrically- 
conductive film 110 is formed. Therefore, when the driving IC 50 is connected to 
the first substrate 10 by thermocompression bonding through the anisotropic 
electrically-conductive film 40, electrically-conductive particles 41 pass through 
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the inorganic insulating film 140 by the pressure of the compression bonding, and 
the mounting terminals 160 are electrically connected to the lowest-layer wiring 
111 and 112 of the first wiring patterns 11 and the second wiring patterns 12. 

[0127] To manufacture the electro-optic apparatus according to the 
present embodiment, instead of the process described by referring to Fig. 5(C), 
Fig. 6(B), and Fig. 7(B) in the first embodiment, after a metal film is formed over 
the entire substrate, when patterning is performed with the use of 
photolithography technology to form the optical reflection film 120, the metal film 
needs to be removed from the area where the mounting terminals 160 are to be 
formed, as shown in Fig. 9(C), Fig. 10(C), and Fig. 11(C). Since the other 
structures are the same as those of the first embodiment, a description thereof is 
omitted. 

[0128] Fourth embodiment 

[0129] Fig. 16(A) and Fig. 16(B) are a cross-sectional view of an 
electro-optic apparatus taken on a line corresponding to the line A-A' shown in Fig. 
3, and a cross-sectional view of the electro-optic apparatus taken on lines 
corresponding to the lines B1-B1' and B2-B2' shown in Fig. 3, respectively. Fig. 
17(A) to Fig. 17(F) are views showing elements formed in the first substrate and 
the second substrate used in the electro-optic apparatus shown in Fig. 1. Fig. 
18(A) to Fig. 18(F) and Fig. 19(A) to Fig. 19(F) are process sectional views 
showing a manufacturing method of a first substrate and a second substrate used 
in the electro-optic apparatus according to the present embodiment. 

[0130] In Fig. 16(A) and Fig. 16(B), also in the electro-optic apparatus 
according to the present embodiment, in the same way as in the first embodiment, 
a base electrically conductive film 110 made from an ITO film, an optical reflection 
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film 120, a color filter layer 7R, 7G, and 7B, an organic insulating film 130 serving 
as a flattening film, an inorganic insulating film 140 made from a silicon oxide film 
or others, first driving electrodes 150 made from an ITO film, and an alignment 
film (not shown) are formed in that order from a lower layer side to an upper layer 
side in the first substrate 10. 

[0131] In the first embodiment, the metal film formed together with the 
optical reflection film 120 at the same time is not formed at the extending area 15 
of the first substrate 10, where the first substrate 10 is exposed from the substrate 
side 201 of the second substrate 20, and is disconnected at this area. In the 
present embodiment, however, a metal film is formed at such an area as lower- 
layer wiring 126 of first wiring patterns 11 and lower-layer wiring 127 of second 
wiring patterns 12. 

[0132] The organic insulating film 130 is left at an upper layer of the 
lower-layer wiring 126 of the first wiring patterns 11 and at an upper layer of the 
lower-layer wiring 127 of the second wiring patterns 12. Therefore, even when 
upper-layer wiring 151 and 152 of the first wiring patterns 11 and the second 
wiring patterns 12, formed of an ITO film formed together with the first driving 
electrodes 150 at the same time, is disconnected at the extending area 15 of the 
first substrate 10, where the first substrate 10 is exposed from the substrate side 
201 of the second substrate 20, the wiring resistance does not increase. 

[0133] To manufacture the electro-optic apparatus having such a 
structure, as shown in Fig. 17(C), Fig. 18(B), and Fig. 19(B), after a metal film 
made from a silver alloy film or others is formed at an upper layer of the base 
electrically-conductive film 110, when patterning is performed with the use of 
photolithography technology to form the optical reflection film 120 in a plane 
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manner in an image display area 2, the metal film is left as the lower-layer wiring 
126 of the first wiring patterns 11 and the lower-layer wiring 127 of the second 
wiring patterns 12 at the extending area 15 of the first substrate 10, where the first 
substrate 10 is exposed from the substrate side 201 of the second substrate 20. 

[0134] Further, as shown in Fig. 17(E), Fig. 18(D), and Fig. 19(D), after 
the thick organic insulating film 130 is formed at an upper layer of the color filter 
layer 7R, 7G, and 7B, when patterning is performed with the use of 
photolithography technology to selectively leave the organic insulating film 130 (a 
hatched area) in the image display area 2, the organic insulating film 130 is left so 
as to cover the lower-layer wiring 126 of the first wiring patterns 11 and the lower- 
layer wiring 127 of the second wiring patterns 12 at the extending area 15 of the 
first substrate 10, where the first substrate 10 is exposed from the substrate side 
201 of the second substrate 20. 

[0135] Therefore, as shown in Fig. 17(F), Fig. 18(F), and Fig. 19(F), 
after an ITO film is formed over the entire substrate at an upper layer of the 
inorganic insulating film 140, when patterning is performed with the use of 
photolithography technology to form the first driving electrodes 150 (a hatched 
area) in the image display area 2, since the lower-layer wiring 126 of the first 
wiring patterns 11 and the lower-layer wiring 127 of the second wiring patterns 12 
are protected by the organic insulating film 130 at the extending area 15 of the 
first substrate 10 where the first substrate 10 is exposed from the substrate side 
201 of the second substrate 20, corrosion does not occur at the lower-layer wiring 
126 and 127. 

[0136] After the electro-optic apparatus has been completed, since the 
lower-layer wiring 126 of the first wiring patterns 11 and the lower-layer wiring 127 
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of the second wiring patterns 12 are protected by the organic insulating film 130 at 
the extending area 15 of the first substrate 10, where the first substrate 10 is 
exposed from the substrate side 201 of the second substrate 20, corrosion does 
not occur and there is no need to apply resin mold to the portions. 

[0137] Since the other structures are the same as those in the first 
embodiment, a description thereof is omitted. 

[0138] Fifth embodiment 

[0139] Fig. 20(A) and Fig. 20(B) are a cross-sectional view of an 
electro-optic apparatus taken on a line corresponding to the line A-A' shown in Fig. 
3, and a cross-sectional view of the electro-optic apparatus taken on lines 
corresponding to the lines B1-BV and B2-B2' shown in Fig. 3, respectively. 

[0140] In Fig. 20(A) and Fig. 20(B), also in the electro-optic apparatus 
according to the present embodiment, in the same way as in the first embodiment, 
a base electrically conductive film 110 made from an ITO film, an optical reflection 
film 120, a color filter layer 7R, 7G, and 7B, an organic insulating film 130 serving 
as a flattening film, an inorganic insulating film 140 made from a silicon oxide film 
or others, first driving electrodes 150 made from an ITO film, and an alignment 
film (not shown) are formed in that order from a lower layer side to an upper layer 
side in a first substrate 10. 

[0141] In the first embodiment, the color filter layer 7R, 7G, and 7B is 
formed directly on the metal layer formed together with the optical reflection film 
120 at the same time. In the present embodiment, an electrically-conductive 
protection film 190 made from an ITO film is formed at an upper layer of a silver 
alloy film serving as the optical reflection film 120. Therefore, when the color filter 
layer 7R, 7G, and 7B is formed, even in burning, problems, such as discoloration 
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at the surface of the silver alloy film caused by the heat of burning, can be 
prevented. In addition, when patterning is applied to the electrically-conductive 
protection film 190 with the use of photolithography technology, since an exposure 
mask used when the optical reflection film 120 is formed can be used as it is, 
manufacturing cost does not increase largely. 

[0142] The other structures, such as the plane layout of each layer, are 
the same as those in the first embodiment, a description thereof is omitted. 

[0143] Sixth embodiment 

[0144] Fig. 21(A) and Fig. 21(B) are a cross-sectional view of an 
electro-optic apparatus taken on a line corresponding to the line A-A' shown in Fig. 
3, and a cross-sectional view of the electro-optic apparatus taken on lines 
corresponding to the lines B1-B1' and B2-B2' shown in Fig. 3, respectively. 

[0145] In Fig. 21(A) and Fig. 21(B), in a first substrate 10 of the electro- 
optic apparatus according to the present embodiment, an aluminum film is used 
as an optical reflection film 120. Unlike a silver alloy film, an aluminum film has a 
good close contact property with a glass base and others. Therefore, in the 
present embodiment, the optical reflection film 120 is directly formed on a base, 
and a color filter layer 7R, 7G, and 7B, an organic insulating film 130 serving as a 
flattening film, an inorganic insulating film 140 made from a silicon oxide film or 
others, first driving electrodes 150 made from an ITO film, and an alignment film 
(not shown) are formed in that order above the optical reflection film 120 in the 
first substrate 1 0. 

[0146] Also in the case in which such a structure is made, for example, 
before the first substrate 10 and a second substrate 20 are connected by 
thermocompression bonding through a sealing member 30 which includes 
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electrically-conductive particles 303 at the area where the first inter-substrate 
electric-connection terminals 170 are formed, the inorganic insulating film 140 is 
formed at a lower-layer side of the first inter-substrate electric-connection 
terminals 170. At the lower-layer side of the inorganic insulating film 140, lower- 
layer wiring 122 of second wiring patterns 12 formed together with the optical 
reflection film 120 at the same time is formed. Therefore, when the first substrate 
10 and the second substrate 20 are connected by thermocompression bonding 
through the sealing member 301, the electrically-conductive particles 303 pass 
through the inorganic insulating film 140 due to the pressure of the compression 
bonding, so that the first-substrate electric-connection terminals 170 are 
electrically connected to the lower-layer wiring 122 of the second wiring patterns 
12. 

[0147] The other structures, such as the plane layout of each layer, are 
the same as those in the first embodiment, a description thereof is omitted. 
[0148] Seventh embodiment 

[0149] Fig. 22(A) and Fig. 22(B) are a cross-sectional view of an 
electro-optic apparatus taken on a line corresponding to the line A-A' shown in Fig. 
3, and a cross-sectional view of the electro-optic apparatus taken on lines 
corresponding to the lines B1-B1' and B2-B2' shown in Fig. 3, respectively. 

[0150] As shown in Fig. 22(A) and Fig. 22(B), in a seventh embodiment, 
uneven portions 19 may be made at the surface of a substrate at a lower-layer 
side of an optical reflection film 120 to make uneven portions 129 at the upper 
surface (reflection plane) of the optical reflection film 120. With this structure, 
since reflected light is output as diffused light, angle-of-view dependency of 
display is eliminated. 
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[0151] Other embodiments 

[0152] In the above embodiments, a silver alloy film or an aluminum film 
is used as an optical reflection film. An aluminum alloy film, or a multi-layer 
structure formed of a molybdenum film or a molybdenum alloy film, and an 
aluminum film or an aluminum alloy film may be used. 

[0153] An electro-optic apparatus according to the present invention can 
be applied not only to the liquid-crystal apparatuses described above, but also to 
electroluminescence apparatuses, especially to organic electroluminescence 
apparatuses and inorganic electroluminescence apparatuses, plasma display 
apparatuses, field emission display (FED) apparatuses, light-emitting diode (LED) 
display apparatuses, electro-phoresis display apparatuses, thin cathode-ray tubes, 
compact TV receivers using a liquid-crystal shutter, and an apparatus using a 
digital micro-mirror device (DMD). 

[0154] Applications to electronic units 

[0155] An example electronic unit provided with an electro-optic 
apparatus according to the present invention will be described next by referring to 
Fig. 23. 

[0156] Fig. 23 is a block diagram showing the structure of the electronic 
unit having an electro-optic apparatus 1 structured in the same way as the above- 
described electro-optic apparatuses. 

[0157] In Fig. 23, the electronic unit includes a display-information 
output source 1000, a display-information processing circuit 1002, a driving circuit 
1004 having a control circuit for switching display mode, the electro-optic 
apparatus 1, a clock generation circuit 1008, and a power-supply circuit 1010. 
The display-information output source 1000 includes a memory such as a read- 
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only memory (ROM), a random access memory (RAM), or an optical disk, and a 
tuning circuit for tuning to an image signal on a television signal to output it, and 
processes an image signal having a predetermined format and outputs it to the 
display-information processing circuit 1002 according to a clock signal sent from 
the clock generation circuit 1008. The display-information output circuit 1002 
includes known various processing circuits, such as an amplification and polarity- 
inversion circuit, a phase development circuit, a rotation circuit, a gamma 
compensation circuit, or a clamp circuit, and sequentially generates digital signals 
from display information input according to the clock signal and outputs them to 
the driving circuit 1004 together with the clock signal CLK. The driving circuit 
1004 drives the electro-optic apparatus 1 . The power-supply circuit 1010 supplies 
predetermined power to each circuit described above. 

[0158] As electronic units having such a structure, mobile personal 
computers, portable telephones, personal computers (PC) handling multimedia, 
engineering workstations (EWS) handling multimedia, pagers, word processors, 
TV receivers, view-finder or direct-monitor-view video cassette tape recorders, 
electronic pocket books, electronic pocket calculators, car navigation apparatuses, 
POS terminals, and touch sensitive panels can be taken as examples. 

[0159] Advantages 

[0160] As described above, in an electro-optic apparatus according to 
the present invention, since the second wiring patterns which connect the 
mounting terminals to the first inter-substrate electric-connection terminals are 
made from the metal film constituting the optical reflection film, their electric 
resistance is made small. The color filter layer is formed between the optical 
reflection film and the first driving electrodes, and the light transmission holes are 
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made in the optical reflection film at the lower-layer side of the color filter layer. 
Therefore, the color filter layer formed at the light transmission holes used for 
transmission-mode display is thicker than the color filter layer formed at the other 
area, used for reflection-mode display. Consequently, even when transmission 
display light passes through the color filter layer only once and reflection display 
light passes through the color filter layers twice, once at input and once at output, 
a problem in which reflection-mode colors are deeper than transmission-mode 
colors when both modes are used does not occur. Thus, high-quality display is 
implemented. 

[0161] The entire disclosure of Japanese Patent Application No. 2002- 
271478 filed September 18, 2002 is incorporated by reference. 
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